1. The effects of unilateral nephrectomy on urinary concentration and dilution were studied in SpragueDawley rats. To exclude incomplete suppression of antidiuretic hormone, free water formation was also studied in rats with congenital diabetes insipidus (Brattleboro strain).
Introduction
Unilateral nephrectomy leads to significant morphological and functional compensatory alterations in the remaining kidney. In the rat, biochemical events leading to hypertrophy and hyperplasia occur immediately after nephrectomy (Toback & Lowenstein, 1974 ) and result in a marked increase in kidney weight (Johnson & Vera Roman, 1966; Threlfall, Taylor & Buck, 1967) . Functional compensation is less prompt and includes substantial increments in glomerular filtration and renal plasma flow rates (Katz & Epstein, 1967b; Siegel, Kaufman & Hayslett, 1974; Silber & Malvin, 1974) . Most studies of remnant kidney function have dealt with changes in renal haemodynamics and sodium excretion (Katz & Epstein, 1967b; 8c Epstein, 1968 Epstein, , 1969 Siegel et al., 1974) , and many were performed on sub-totally (two-thirds or more) nephrectomized animals (Hayman, Shumway, D u d e & Miller, 1939; Coburn, Gonick, Rubini & Kleeman, 1965; Morrison & Howard, 1966) or in uraemic models in which the remnant kidney was diseased (Lubowitz, Purkerson, Sugita & Bricker, 1969; Schultze, Shapiro & Bricker, 1969) . In contrast, surprisingly little has been reported about the concentrating and diluting ability of the intact kidney after unilateral nephrectomy. Kiil & Bugge-Asperheim (1968) studied solute-free water formation and reabsorption by the remaining kidney of the dog but information on urinary concentration and dilution after unilateral nephrectomy in other species, including the rat, is not available. The aim of the present study was to measure the concentrating and diluting ability of the single intact kidney of the uninephrectomized rat.
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Methods
Free water reabsorption and formation were studied in adult Sprague-Dawley rats of both sexes. To exclude a possible role of antidiuretic hormone, studies of free water excretion were repeated in rats of the Brattleboro strain with congenital diabetes insipidus. Experimental animals were unilaterally nephrectomized through a left flank incision at least 3 weeks before study. At the same time sham operations were carried out on other rats matched for sex, age and weight. Uninephrectomized and control rats were handled identically and studied simultaneously. All animals were fed a standard rat chow diet and had free access to tap water until the day preceding the experiment.
Oral water-loading experiments
A 50 ml/kg load of distilled water was administered by gavage under light ether anaesthesia. After voiding, the rats were placed in individual metabolic cages and three consecutive hourly urine collections under mineral oil were obtained. Each collection was terminated by ether sniffing and light suprapubic pressure to ensure bladder emptying.
Free water formation
To ensure adequate hydration, 24 h before each study animals were provided with a solution of hypotonic glucose in water (110 mmol/l). Experimental animals were anaesthetized with Inactin (Promonta, Hamburg, Germany), 100 mg/kg body wt. intraperitoneally. A tracheostomy was performed and the bladder, both jugular veins and one carotid artery were cannulated with polyethylene PE 50 tubing. The rats were placed on a heated board and their rectal temperature was monitored by a thermistor probe (Yellow Springs Instrument Co., Yellow Springs, Ohio) and maintained between 36 and 38°C.
During surgery, isotonic sodium chloride solution (154 mmol/l), equal to 1% of the body weight (Sprague-Dawley rats), or hypotonic sodium chloride solution (77 mmol/l), 2% of the body weight (Brattleboro rats), was infused through a jugular vein to replace estimated fluid losses. After a priming dose, a sustaining infusion of 10% inulin in isotonic sodium chloride calculated to maintain plasma inulin at approximately 50 mg/100 ml was given at a rate of 20 pl/min. During the equilibration period, an intravenous water load equivalent to 10% body weight was administered as hypotonic glucose in water (140 mmol/l) at a rate of 1.15 ml/min through the second jugular catheter. The resulting diuresis was sustained and augmented by the infusion of hypotonic sodium chloride in water (77 mmol/l) at constant rates ranging between 0.3 and 1.15 ml/min. All solutions were administered with a constantinfusion pump (model 975, Harvard Apparatus Co. Inc., Millis, Mass.). During each experiment, three to ten urine samples were collected in tared plastic tubes and their volumes determined by weighing to the nearest 0.1 mg. Urine aliquots were analysed for osmolality and for reducing substances (Clinitest, Ames Co., Elkhart, Indiana). (Since the use of CWat,, as an index of sodium reabsorption in the diluting segment is predicated on maximal suppression of antidiuretic hormone, urine samples with osmolality in excess of 100 mosmol/kg of water were excluded from statistical analyses. However, to avoid potential bias these results were plotted separately and were no different in the two groups. Urine collections showing more than trace-reducing substances were also excluded since the presence of glucose in the glomerular filtrate would tend to limit sodium reabsorption and free water clearance.) Freeflowing tail blood was collected in heparinized capillary tubes during alternating collecting periods. Since relatively large plasma volumes were required for duplicate osmolality determination, blood was withdrawn from the carotid artery before the first urine collection and immediately replaced with an equal volume of blood from an identically treated rat. The donor rats were age-and sex-matched intact animals submitted to the same surgical procedure and receiving identical infusions as the experimental rats. A second osmolality determination was done on blood obtained at the end of the experiment.
Tissue osmolality in kidneys of uninephrectomized and control Brattleboro rats during water diuresis Animals were prepared as outlined above. When maximal water diuresis was established, blood samples and timed urine collections were obtained for clearance determinations. The kidneys were then rapidly removed and the tissue was processed according to a modification of the method of Appelboom, Brodsky, Tuttle & Diamond (1958) . The capsules were stripped and the kidneys cut along the longitudinal axis. Samples of papilla, medulla and cortex from individual animals were excised with iridectomy scissors, lightly blotted on filter paper, placed in tared tubes and weighed to the nearest 0.1 mg (wet weight). The papilla included the papillary tip along with most of the inner medulla, which is recognizable by its grey-yellow colour, whereas the medullary samples consisted entirely of the red outer medulla. Cortical tissue was obtained by tangential cuts close to the kidney surface. Immediately after weighing, the samples were submerged in boiling water and kept in a boiling-water bath for at least 60 min. The timeinterval between excision of the kidneys and beginning of boiling ranged between 3 and 4 min. After cooling to room temperature, the samples were reweighed and the osmolality of the supernatant was determined. Dry weight was measured after desiccation to constant weight at 105°C.
Maximal urine osmolality
Animals were placed in individual metabolic cages and daily weight, food and water intake were recorded for 5 days. Water was withdrawn during the last 36 h and food during the last 12 h of the study. Two 6 h urine collections under mineral oil were obtained after 30 and 36 h of dehydration.
Free water reabsorption
Twenty-four hours before each study, animals were deprived of water. Surgical preparation was identical with that in the free-water clearance experiments described above. Vasopressin was added to the sustaining infusion of inulin in amounts calculated to deliver 40 munits h-' kg-'. After the 45 min equilibration period, hypertonic sodium chloride (510 mmol/l) was infused at constant rates ranging between 0.1 and 1.15 ml/min and appropriate blood and urine samples were collected for clearance determinations.
Glomerular filtration rate (GFR) was taken to be the clearance of inulin, and the following formulae were used :
Osmolal clearance (C.,,.) = Worn. x V)/Posm.
( 1) where Uos,,,. = urine osmolality, P,,,. = plasma osmolality and V = urine flow rate.
Free water clearance (C,,,,,) = V-Corn.
(2)
where UNa is urine sodium concentration, and P N a plasma sodium concentration.
Distal sodium delivery = C N~+ C~.~~~ Fractional urine flow = V/GFR x 100 Fractional distal sodium delivery = (C~a+Cwater)/GFR ~1 0 0 (7) Fractional distal sodium reabsorption = (Cwater/CNa + c w a t e r ) 100 (8) Fractional CWat,, = CWat,,/GFR x 100 (9) Fractional TCwater = TCwater/GFR x 100 (10) Fractional CNa = CN./GFR x 100
Inulin was measured by a semi-micro-modification of the anthrone method (Davidson & Sackner, 1963) . Sodium and potassium were determined by flame photometry (IL 343 model, Instrumentation Laboratory Inc., Lexington, Mass.) and osmolality with a Fiske osmometer (Fiske Assoc. Inc., Uxbridge, Mass.). During the latter part of the study osmolality of small volume urine samples obtained during dehydration was determined with a vapour pressure osmometer (VPO 302B, Hewlett-Packard, Avondale, Penn.).
SEM. The statistical significance of differences between group mean values was assessed by the Student's t-test. P values less than 0.05 were considered significant. Results were presented as mean value (Table 1) After a 50 ml/kg load, water excretion was not significantly delayed in uninephrectomized rats, and urine osmolality was similar to that of control animals in all three collection periods.
Results
Oral water-loading experiments
Free water formation in control and uninephrectomized animals
Sprague-Dawley rats. Results obtained during the period of maximal free water clearance are summarized in Table 2 . When related to body weight, glomerular filtration rate per kidney was 70% higher in uninephrectomized animals, averaging 85 % of that measured in both kidneys of control rats.
Absolute free water and sodium clearances were similar in the two groups, as was distal filtrate ( V ) and sodium delivery (CNa +CWat.,). However, when expressed per kidney, these parameters were significantly higher after uninephrectomy. During maximal water diuresis fractional distal sodium delivery and reabsorption, and fractional free water clearance were slightly higher in the renoprival kidney, but only the latter difference was statistically significant (P~0.05). The relation of free water clearance to distal sodium delivery in all collection periods is presented in Fig. 1 . Free water clearance at comparable distal sodium delivery rates was similar in both uninephrectomized and intact animals, whether expressed in absolute terms per kidney, or as fractions of glomerular filtrate. In addition, the renoprival kidney reached substantially higher absolute distal sodium delivery and free water clearance rates, without significant decrement in distal fractional sodium reabsorption. Diabetes insipidus rats. Results were similar to those obtained in Sprague-Dawley rats, and are summarized in Table 3 . Glomerular filtration rate per kidney was 54% higher after unilateral nephrectomy, averaging 77% of the value observed in sham-operated control animals. Absolute free water clearance and distal filtrate and sodium delivery were not different in the two groups. However, when expressed per kidney these parameters were significantly higher after uninephrectomy. Fractional distal sodium delivery and reabsorption and fractional free water and sodium clearances were similar in the two groups. 
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Osmolality
Renal tissue osmolality during water diuresis in diabetes insipidus rats ( Table 4) . Tissue osmolality was measured at the peak of water diuresis when fractional C,,,., and plasma and urine osmolality were similar in uninephrectomized and control rats. These measurements did not differ significantly in any of the three regions of the kidney.
Maximal urine osmolality. Unilateral nephrectomy resulted in a modest impairment in urinary concentrating ability (Table 5) . The difference between the U,,,. of uninephrectomized and control rats was slightly larger during the second collection period, obtained after 30-36 h of water deprivation. Post-operative weight gain (19.4 k 2 . 2 vs. 25.3 k2.6 g) and daily food intake (15.9 f0.5 vs. 15.0 f 0.5 gl24 h) were not significantly different in uninephrectomized and sham-operated animals, suggesting that post-operative stress was the same in the two groups. 
Free water reabsorption
Results obtained during the period of maximal fractional free water reabsorption are presented in Table 6 . Glomerular filtration rate per kidney was 53 % higher after uninephrectomy, and reached 77% of that of both kidneys in intact rats. Urine osmolality was similar in the two groups. Absolute free water reabsorption was lower in uninephrectomized animals, but at proportionally lower osmolal clearance rates. These parameters were significantly augmented in the renoprival kidney compared with one kidney of control animals. Fractional osmolal clearance and free water reabsorption were similar in the two groups, as was the fractional sodium clearance. The relation of free water reabsorption to osrnolal clearance in all collection periods is presented in Fig. 2 . Osmolal clearance and free water reabsorption by the renoprival kidney were substantially greater than those of the single kidney of the intact animal. However, when compared at equivalent rates of osmolal clearance or fractional C,, , , , . respectively, free water reabsorption per kidney and fractional F w a t e r were similar in the two groups. participate in this maintenance of glomerulotubular balance is incompletely understood. For instance, Katz & Epstein (1967a) demonstrated in uninephrectomized rats parallel increments in filtered sodium and renal microsomal Na+ + K+-dependent adenosine triphosphatase, an enzyme believed to mediate sodium reabsorption primarily in the distal nephron (Schmidt & Dubach, 1969; Torretti, Hendler, Weinstein, Longnecker & Epstein, 1972) , and Kiil & Bugge-Asperheim (1968) suggested that distal sodium reabsorption increases after contralateral nephrectomy in the dog. Hayslett et al.
( 1 968) also demonstrated increased distal sodium reabsorption after uninephrectomy, evidenced by shortened split-droplet reabsorptive half-time in the distal convoluted tubule. In addition, these authors measured similar U/P inulin ratios in proximal as well as in distal tubules of uninephrectomized and control hydropenic rats, and concluded that fractional filtrate reabsorption along both segments of the nephron was not altered by compensatory hypertrophy, i.e. net reabsorption increases in parallel with glomerular filtration rate both in the proximal and the distal tubule. Our clearance studies may be interpreted similarly. During maximal water diuresis, fractional urine flow and distal sodium delivery (C,,,,, +CN./GFR) are indices of proximal tubular reabsorption, and these functional parameters were similar in uninephrectomized and control animals. [C,.,,, + CNn/ GFR and Cw,lcr/Cwalcr +CNa during maximal water diuresis do not measure quantitatively proximal and distal sodium reabsorption, primarily because of non-antidiuretic hormone-dependent distal tubular backflux (Jamison, Buerkert & Lacy, 1971) . However, the expressions represent reproducible qualitative estimates of these functions (Seldin & Rector, 1973) .] Under these experimental conditions the fraction Cwalcr/Cwalcr +CNa reflects the capacity of the distal tubule to reabsorb solute. Here, too, there was no difference between uninephrectomized and intact animals.
Utilization of clearance procedures affords an opportunity to estimate in vivo the function of the ascending limb of Henle's loop, a portion of the nephron generally inaccessible to evaluation by micropuncture. In the present studies both the reabsorption of free water during hypertonic sodium chloride diuresis and free water formation during water diuresis were similar at comparable rates of sodium delivery to the distal nephron segments in experimental and control animals ( Fig. 1 and Fig. 2 ), indicating that ascending limb function is preserved in uninephrectomized rats. This is supported by the observation of similar distal fractional sodium reabsorption in the nephrectomized and shamoperated rats of both Sprague-Dawley and Brattleboro strains. Finally, fractional sodium clearance during both water diuresis and hypertonic sodium chloride diuresis was also similar in the renoprival and control kidney, suggesting that sodium reabsorption along the entire nephron increases after uninephrectomy in proportion to the increment in glomerular filtration.
Besides the functional integrity of the ascending limb and the delivery of filtrate to this site, renal diluting capacity depends on the permeability of the collecting duct to water, During maximal water diuresis, differences in suppression of antidiuretic hormone or altered tubular sensitivity to its effect after uninephrectomy might have altered water reabsorption distal to the diluting site. However, results in animals with congenital diabetes insipidus were essentially identical with those in Sprague Dawley rats and indicate that differences in vasopressin activity cannot account for these observations. Furthermore, measurements of tissue osmolality during peak water diuresis were identical in uninephrectomized arid sham-operated Brattleboro rats in all three regions of the kidney, indicating that vasopressin-independent filtrate reabsorption was probably also similar in the two groups of animals.
Uninephrectomized animals had a slight reduction in maximal urine concentration after dehydration. The seemingly paradoxical combination of impaired Urnax. and normal free water reabsorption during solute diuresis is thought to occur in other conditions as well, including hyperthyroidism (Cutler, Glatte & Dowling, 1963 , sickle cell nephropathy (Witten & Younes, 1960; Hatch, Culbertson & Diggs, 1967) and cirrhosis (Jick, Kamm, Snyder, Morrison & Chalmers, 1964) , and was produced experimentally by papillectomy in the rat (Lief, Sullivan & Goldberg, 1969; Martinez-Maldonado, Eknoyan & Suki, 1972) . Whereas free water reabsorption is maximal during high rates of solute clearance, Urnax. is highest during hydropenia when solute excretion is low. Accordingly, small differences in the back diffusion of water from the distal nephron would be more likely to be detected in the measurement of Urnax. than in that of TCw.t=r. Back diffusion may decrease if tubular fluid flow is rapid and contact time diminished in the terminal segment of the nephron, or if the interstitial-tubular osmotic gradient is reduced, e.g. by increased medullary blood flow. Either mechanism could explain our observation, since there is evidence for the occurrence of both in the renoprival kidney. Accelerated tubular flow rate, probably due to increased osmotic load per nephron, is evidenced by the higher urine volume per kidney demonstrated in the hydropenic, uninephrectomizedrat (Katz & Epstein, 1967b; Hayslett et al., 1968) ; increased medullary blood flow, although not measured directly, is suggested by the marked increase in total renal blood flow and the redistribution of flow towards the inner cortical areas of the renoprival kidney (Siege1 et al., 1974) .
